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• To compare the bone mineral density (BMD) at the spine and the hip in elderly 
Chinese men with vertebral deformity and normal controls. 
• To compare anthropometric indices (height, weight and body mass indices) and 
body composition (lean mass, fat mass, percentage body fat) in elderly Chinese 
men with vertebral deformity with normal controls. 
• To measure the prevalence, and disability (as measured by a questionnaire) due 
to low back pain in elderly Chinese men with vertebral deformity, and compare 
this with normal controls. 
參 To study the psychosocial (as measured by the Philadelphia Geriatric Morale 
Scale) and functional status (as measured by The Barthel Index) of elderly 
Chinese men with vertebral deformity, and compare this with normal controls. 
Subjects and methods 
Three hundred and ninety-six elderly Chinese men (aged 70-79) were recruited 
household surveys carried out in six housing blocks in Shatin. Lateral spine x-rays 
were taken from T4-L4 according to standardized protocol. The anterior, middle 
and posterior vertebral heights were measured using a digitizer. The means and 
standard deviation (SD) of the anterior to posterior, middle to posterior, and posterior 
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to posterior (above and below) vertebral height ratios (VHR) were defined by 
published statistical method. Subjects were then classified as 4 groups (severe 
cases as any VHR24SD below the mean; definite cases as any VHR^3-3.99SD 
below the mean; mild cases as any VHR22-2.99SD below the mean and controls). 
Body composition and bone mineral density (BMD) at the hip and spine were 
measured by dual X-ray densitometry (Hologic). The prevalence and consequences 
of back pain were measured by a standardized questionnaire. The Barthel Index 
measured activities of daily living, and Philadelphia Geriatric Morale Scale measured 
psychosocial status. The analysis of variance (ANOVA) was used to compare 
means between cases and controls, and logistic regression was used for calculating 
odds ratio (OR) and 95% confidence interval (CI) in this study. 
Results 
Total fat mass and percentage body fat were significantly lower (P<0.05by Multiple 
Range test in ANOVA) in subjects with severe vertebral deformity than the other 
subjects and controls. The BMD at all sites were significantly lower in severe cases 
than the other cases and controls (P<0.01 by Multiple Range test in ANOVA). The 
odds ratio for definite vertebral deformity increased significantly (；^  ^ test for trend, 
P<0.05) with diminishing quartiles of lean mass, fat mass and BMD. 
Sixty-four percent of all men had back pain. The prevalence of back pain was 
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similar in cases and controls. The Subjects with severe vertebral deformity were at 
a higher risk of taking analgesic for their back pain (0R=4.1，95% CI=1.1-15.2). 
However, the disability score due to back pain was not higher in cases. The 
activities of daily living score and Geriatric Morale score were not lower in cases 
than controls. 
Conclusion 
• Elderly Chinese men with severe vertebral deformity had lower body weight, fat 
mass and percentage fat than controls. 
參 Elderly Chinese men with severe vertebral deformity had lower bone mineral 
density at the lumbar spine, femoral neck, intertrochanteric area and ward's 
triangle. 
• The prevalence of self-reported back pain and disability was not higher in men 
with vertebral deformity. However, more men with severe vertebral deformity 
had to take analgesic for their back pain. 
• The activities of daily living were not more impeded in elderly Chinese men with 
vertebral deformity than controls. 
參 Psychosocial status was not lower in elderly Chinese men with vertebral 




















人信念評分(Philadelphia Geriatric Morale Scale)評估信念狀況。本硏究以差 
異分析法ANOVA及邏輯性回歸計算可能性比率(OR)和95%置信區間 
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CHAPTER 1 INTRODUCTION 
Osteoporosis is a serious and common health problem in aging population. 
It is a condition of skeletal fragility due to decreased bone mass and to 
microarchitectural deterioration of bone tissue, with consequent increased risk of 
fractures. The World Health Organization (WHO) defines osteoporosis as a 
reduction in bone mineral density (BMD) to more than 2.5 standard deviation (SD) 
below young adult means, and osteopenia as a reduction in bone mineral density 
between 1.5 SD to 2.5 SD below the young adult means. 
In America, osteoporosis affects more than 25 million people, approximately 
20 million of who are women, and 5 million of who are men (Rico et al, 1992). 
Fracture risk at the hip, vertebral, and distal radius fracture increases exponentially 
with age. Although the incidence of hip fracture in the Chinese remains lower than 
in Caucasians (Lau et al, 1995), the prevalence of vertebral deformity has been found 
to be similar in both populations (Lau et al, 1996). It has been estimated that 30% 
of elderly women suffer from one or more vertebral deformities (Lau et al, 1995). 
It was also found that patients with vertebral deformity had relatively poorer health 
than controls (Lau et al, 1995). 
There is little is known about the epidemiology of vertebral deformity in men. 
In Caucasian populations, approximately 30% of all fractures occur in men (Cooper 
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and Campion, et al, 1992)，with a female to male ratio of 2:1 (Cooper and Atkinson, 
et al, 1992). It found that there was 16% of Chinese men had vertebral deformity 
(Lau et al, 1998), as compared to 12% in Caucasian men. 
The health consequences of vertebral deformity in Caucasian women were 
found to be back pain, functional limitations, and lower morale (Ettinger et al, 1988, 
Leidig et al, 1990; Lyles et al, 1993; Ryan, 1994). 
The objectives of the current projects are: 
1. To compare the BMD at the spine and the hip in elderly Chinese men with 
vertebral deformity and normal controls. 
2. To compare anthropometric indices (height and weight) and body composition 
(lean mass, fat mass, percentage body fat) in elderly Chinese men with vertebral 
deformity with normal controls, 
3 . T o measure the prevalence of low back pain in elderly Chinese men with 
vertebral deformity, and compare this with normal controls. 
4. To study the psychosocial and functional status of elderly Chinese men with 
vertebral deformity, and compare this with normal controls. 
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CHAPTER 2. OSTEOPOROSIS: THE RELATIONSHIP 
BETWEEN AGING AND SKELETAL 
ORGANIZATION IN MEN AND WOMEN 
The risk of having osteoporosis is influenced by different factors such as bone 
mass, trabecular architecture, and the frequency and severity of trauma inflicted to 
the skeleton (Nordin et al, 1984). 
2.1. Skeletal Organization 
2.1.1. Bone Structure 
The human skeleton consists of two types of bones: cortical and trabecular. 
Cortical bone is the compact layer, which predominates in the shaft of long bones. 
Trabecular bone is consisted of a series of thin plate that form the interior meshwork 
of bones, particulars in vertebrae, pelvis, and ends of long bones (Nordin et al, 1984). 
In mature adult, it is estimated that approximately 80% of the skeleton is cortical 
bone and 20% is trabecular bone (Riggs & Melton, 1986). Trabecular bone has 
greater surface area and is metabolically more active than cortical bone. Therefore, 
it is more easily affected by change in bone mineral homeostasis (Nordin et al, 1984) 
2.1.2. Bone Metabolism 
Bone is formed by osteoblasts and resorbed by osteoclasts. There are three 
fundamental activities in bone. Modeling refers to the process by which 
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characteristic and shape of a bone is formed. Repairing is the regenerative response 
to fracture. Remodeling is a continuous cycle in which small amount of bone is 
removed and replaced by new tissue (Marcus, 1994). During the resorption phase, 
old bone is dissolved and removed by osteoclasts. This is followed by the 
formation phase when protein fibers and calcium are deposited by bone-forming 
osteoblasts at the sites of previous bone resorption (Marcus, 1994). 
However, remodeling, like most biologic processes, is not entirely efficient. 
The amount of bone replaced by formation is not always equivalent to the amount 
previously removed. Therefore, a small bone deficit persists after each cycle. 
This inefficiency is described as remodeling imbalance (Marcus, 1994). As a result, 
most bone diseases such as osteoporosis are characterized by bone loss due to either 
an imbalance between bone resorption and the bone formation or the uncoupling of 
the two processes (Marcus, 1994). 
2.1.3. Peak Bone Mass 
Bone mass at any age is determined by the peak bone mass, which is 
generally defined as the highest level of bone mass completed as a result of normal 
growth (Marcus, 1994). By the age of 18 years, bone mass in both sexes undergoes 
a dramatic increase that is closely related to pubertal stage and is almost completed 
when puberty ends (Orwoll and Klein, 1996). Although the peak bone mass is 
1 8 
higher in men than women, bone density at maturity is similar in both sexes. It is 
because the adolescent rise in bone mass occurs at a younger age in females than in 
males due to their earlier onset of puberty. On the other hand, boys accrete bone 
mass for a longer time during this crucial period (Orwoll and Klein, 1996). As a 
result, the total bone mass is greater in men than in women (3100-3500g in young 
men vs. 2300-2700g in young women) (Rico et al, 1992). Peak bone mass is 
important because it is one of the principal factor affecting the loss of bone mass, and 
it is also one of the factor deciding the resistance and susceptibility of fracture in the 
later years. (Heaney and Matkovic, 1995). Peak bone mass is attained between the 
ages of 20-35 (Marcus, 1994). 
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2.2. Bone Loss between Men and Women 
2.2.1. Aging and Bone Loss 
Skeletal growth and consolidation are followed by a transient period of 
stability after which bone loss commences. This bone loss is universal. It occurs 
in both sexes and in all races. It is because the osteoblasts function less well with 
normal aging and there is decreased deposition of new bone in the cavities after 
resorption. This leads to trabecular plate perforation and decrease in microfracture 
repair (Marcus, 1994). 
There is general consensus that both cortical and trabecular bone loss follows 
a biphasic pattern. For cortical bone, a slow phase of loss commences at around age 
of 40 years in both sexes. The initial rate of loss is about 0.3% -0.5% of peak bone 
mass per year (Cann et al, 1980). In post-menopausal women, the cortical bone loss 
is accelerated. The rates may be as high as 5% - 6% of peak bone mass each year 
(Cooper, 1989). The rapid loss phase slows down after around 10 years. 
Similarly, Mosekilde (1989) found that bone density is particularly different between 
elderly men and women, and the micro architectural pattern of trabecular loss is 
distinct. Women tend to have both trabecular thinning and trabecular loss, while 
men experience trabecular thinning with less trabecular dropout (Mosekilde, 1989). 
In men, trabecular bone loss is about 15% - 45% and 5% -15% of cortical bone is 
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lost with age. There is about 35% - 50% of trabecular bone loss and 25% - 30% of 
cortical bone loss in women comparatively (Cooper, 1989). 
As a result, both men and women experience bone loss in their advancing 
age. Sex hormones is one of the important factor contribute to osteoporosis in men 
and women. In women, estrogen loss affects bone cell function. In terms of bone 
remodeling, estrogen deficiency enhances the ability of osteoclasts to resorb bone, 
which increases the risk that any given resorptive event may result in trabecular 
perforation (Marcus, 1994). In men, although the skeletal role of androgens is less 
well understood, testosterone deficiency is a major cause of osteoporosis. Study 
found that specific testosterone receptors have been demonstrated in normal human 
osteoblasts (Colvard et al，1989). Androgen also increases muscle mass, so effects 
on bone may be secondary to the increased mechanical loading that would 
accompany increased muscle bulk in men (Marcus, 1994). Therefore, deficiency of 
sex hormones in men and women is undoubtedly an important determinant of rapid 
bone loss in the menopausal period. 
2.2.2. Clinical Aspects of Bone Loss in Men and Women 
The sexual differences in adult skeletal morphology appear to be related to 
the pubertal skeletal maturation. In puberty, the growth of bone mass is greater in 
men than in women, resulting in larger bone among males. This discrepancy 
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persists throughout life (Orwoll and Klein, 1996). 
Besides, sexual differences in the dimensions of axial bones may also 
contribute to substantially variations in mechanical competence. For example, 
compressive strength is strongly related to vertebrae and plate area (Vesterby et al, 
1991; Brinckmann et al, 1989). When bone density and body size are taken into 
account, fracture is more common in individuals with smaller vertebrae (Gilsanz et 
al, 1993). Furthermore, in men vertebrae increase in cross-sectional area by 
25-30% with aging (Mosekilde & Mosekilde, 1990). This process also happens in 
women, but it may be more accentuated in men (Mosekilde & Mosekilde, 1990). 
Interestingly, the girth of femur and other long bones increases with age in men more 
than in women (Mosekilde & Mosekilde，1990; Becker et al, 1992; Beck et al, 1993). 
These differences at the proximal femur and vertebrae may help to explain the lower 
hip and vertebrae fracture rate in men, particularly since the sexual differences in 
peak hip and spine mineral density and in the rate of age-related decline in density 
are small. 
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CHAPTER 3. VERTEBRAL DEFORMITY : BONE 
MINERAL DENSITY AND BODY 
COMPOSITION 
3.1. Bone Mineral Density 
3.1.1. Types of Vertebral Deformity 
Osteoporosis has been associated with age-related bone loss for over a 
century, and the most common osteoporotic fracture probably occurs in the vertebrae 
(Melton and Riggs, 1983; Cummings et al, 1985; Melton and Gumming, 1987). 
However, not all vertebral deformities are osteoporotic in origin. The differential 
diagnoses include osteomalacia where bowing of the end plates occurs, residual 
changes due to Scheuermann disease, trauma, degenerative remodeling, and 
metastatic diseases. Changes in the shape and dimension of the vertebral body are 
usually referred to as vertebral deformity (Kuijk & Genant，1995) 
Vertebral deformity may be variously classified as biconcave, wedge and 
crush deformities (Kanis & McCloskey, 1992). As shown in Figure 1, vertebral 
deformities ascribed to osteoporosis include a biconcave vertebral deformity (top 
right), anterior to posterior wedge deformity (bottom left) and a complete crush 
deformity involving anterior, central and posterior elements (bottom right). 
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Figure 1 Normal (top left) and Abnormal Vertebral Morphology 
Source: Kanis and McCloskey, 1992 
Wedging is more common at the anterior than the posterior site of the 
vertebrae. Deformities often happen spontaneously or as a result of minimal trauma 
such as coughing or lifting (Kanis and McCloskey, 1992). Besides, Cooper et al 
(1992) claimed that high energy trauma is more common as a cause of vertebral 
deformity in men than in women (40% vs. 7%). 
3,1.2 Clinical Diagnosis in Vertebral Deformity 
Diagnostic criteria for vertebral deformity is not well defined and such 
deformity infrequently results in hospitalization, therefore, consistent 
epidemiological information is somewhat limited. Several quantitative methods for 
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vertebral deformity assessment (Minne et al, 1988, Melton et al 1989; Davies et al, 
1989; Ross et al, 1993; Black et al, 1991) have been developed over the years. All 
of them include measurements of the vertebral body dimensions, usually the anterior, 
posterior, and mid vertebral height of the vertebral body. Different vertebral ratios 
can be calculated from these measurements, such as the anterior: posterior ratio. 
All these methods require multiple measurements per patient. This work has been 
facilitated by the introduction of digitizing techniques in which the outline of the 
vertebral body is described by 6 to 10 points, which are electronically stored and 
used to calculate the heights and ratios. These computerized techniques can 
automatically detect vertebral deformity using prestored deformity definitions (Kuijk 
and Genant, 1995). 
3.1.3. Bone Mineral Density Measurements 
It is a common practice to define osteoporosis in terms of bone mineral 
content or density from non invasive scanning methods to predict fracture risk. It is 
based on the assumption that bone mineral density or mineral content at many sites 
including the spine is a direct reflection of bone strength (Kanis & McCloskey, 
1992). Many studies (Aloia et al, 1992; Fujii et al, 1989; Mazess et al, 1988; 
Meema and Meindok, 1992; Melton et al, 1989) proved that women with vertebral 
deformities generally have much lower spinal bone mass than the controls, but bone 
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mineral measurements still do not clearly discriminate fracture patients. However, 
such measurements are not intended to diagnose fractures. Instead, radiographs are 
needed (Johnston & Melton III, 1995). In clinical practice, spinal radiography and 
bone densitometry should be regarded as complementary rather than alternative 
diagnostic procedures as the principles of the two are essentially different. The 
former assesses bone structure including trabeculations and vertebral deformities as 
well as providing information on quality of bone (Masud et al, 1996). It may also 
provide information on conditions which may alter bone density measurement such 
as spondylosis, and other conditions which may also present with back pain such as 
myeloma and neoplastic disease (Masud et al, 1993). Bone densitometry provides 
information on bone mineral content or density, which is independently associated 
with fracture risk (Masud et al, 1996). 
There are several types of bone mineral density measurement techniques such 
as ultrasound, quantitative computed tomography (QCT), single-photon 
absorptiometry (SPA), dual photon absorptiometry (DPA) and dual energy X-ray 
absorptiometry (DXA). However, the technique of dual energy X-ray 
absorptiometry (DXA) has almost completely supplanted other techniques for 
assessing bone density. It is because the method of DXA is precise, rapid, accurate, 
and has low radiation exposure. (Johnston & Melton III’ 1995). The comparison 
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among these measurements are listed in Table 1. QCT measurements are easily 
affected by varying quantities of marrow fat, and this may be problematic in the 
elderly, since marrow fat increases with age (Genant et al, 1987, Mazess, 1983). 
Besides, both DPA and DXA utilize a radionuclide source (gadolimium 153), but 
two energy peaks allow measurement of sites with uneven soft tissue coverage such 
as lumbar spine, hip forearm, and total body calcium content (Johnston & Melton III, 
1995). However, DXA is becoming the method of choice because of better 
precision and faster scan times. DPA has the disadvantage of higher cost of 
replacing the isotope source and controlling for the effects of source replacement is 
difficult (Kelly et al, 1989). In addition, DXA can be used to assess body 
composition (Johnston & Melton III，1995). 
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Table 1. Comparison of Clinical Tools for Measuring Bone Mass in Elderly 
Individuals 
Technique Site(s) Accuracy Precision Radiation Duration of 
(o/o) (o/o) Dose Exam. 
(Rem) (Min) 
SPA Forearm, calcareous 5 2 0.01 15 
DPA Spine, whole body, 3-5 3 0.05 25 
hip 
DXA Forearm, spine, 3-5 1.5-2 0.002 5-7 
whole body, hip 
OCT Spine 5-20 1.5 2 10 
Ultrasound Patella, Calcaneous X 3 0 5 
DPA: dual photon absorptiometry; DXA: dual energy x-ray absorptiometry; 
OCT: quantitative computed tomography; SPA: single photon absorptiometry. 
Source: Kimmel and Recker, 1994 
3.1.4. Vertebral Deformity and Bone Mineral Density 
A number of studies have found that the risk of vertebral deformity is related 
to bone mineral density (BMD) (Bagur, et al, 1995; Jones et al, 1996; Melton et al, 
1989), and is strongly associated with BMD in the spine, trochanteric, and neck in 
both gender (Lunt, 1997). Lunt et al (1997) found that BMD at the spine in men 
was a significantly better predictor than BMD at either femoral neck or 
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intertrochanteric area. On the other hand, Jones et al (1996) indicated that BMD at 
femoral neck is a more robust predictor than BMD at the lumbar spine. 
The cross-sectional data of Madsen (1977) showed that bone mineral content 
was unchanged until the age of 50-60 years, whereas Riggs (1981) reported a linear 
reduction of 47% from the age of 20 to 90 years in normal women. In Europe, the 
cross-sectional study of normal women by Krolner (1982) noted that there was 44% 
bone loss from the age of around 34 years to the end of life. Recently, the 
Rotterdam study (Burger et al, 1994) at 1762 ambulatory subjects (648 men and 
1084 women) aged 55 years and over found that the yearly percentage BMD 
reduction was higher in women than in men at all sites. The rate of bone reduction in 
femoral neck appears to be approximately two time higher in women than in men 
(Burger et al, 1994). However, site-specific mean values were higher in men than 
in women at all sites of measurement, which are shown in Table 2 (Burger et al, 
1994). 
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Table 2. Site-specific mean values for bone mineral density in men and women at 
age 70-79 years old, and the percentage bone reduction per year in the Rotterdam 
study. 
Percentage Change 
Sites Men (g/cm^) Women Men (%) Women (%) 
(g/cm') 
N ^ 0875 ^ ^ ^ ^ 
Ward's Triangle 0.707 0.642 -0.47 -0.81 
Intertrochanteric 0.835 0.714 -0.28 -0.41 
L2-L4 1.168 1.018 0.21 -0.03 
Source : Burger et al, 1994 
Some studies reported that the prevalence of vertebral deformity is actually 
higher in men than in women because higher occurrence of early life trauma in men 
(Davies et al, 1993; O, Neill & Cooper, 1993). In fact, vertebral and femoral bone 
mineral density values are lower in men with vertebral deformity than in normal 
controls ( Mann et al, 1992). These indicate that vertebral deformity in men is not 
only the result of a higher rate of trauma, it is also related to a low bone mass. 
Nevertheless, these data may not be applicable to Asian people because of 
discrepancy in race and life style. 
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There are fewer data on BMD and vertebral deformity available in men, 
especially in Asia. Vertebral BMD in normal subjects and osteoporosis have been 
examined in Japan ( Seto, et al, 1990). They found that bone loss in women started 
from the mid thirties and accelerated after the age of 50 years at the rate of 0.76% 
(0.0074g/cm^). The overall diminution in vertebral BMD throughout life in men 
and women were 13.0% and 24.3% respectively ( Seto et al. 1990). Interestingly, 
data obtained from Japan were different from those of United States and Europe. 
The low percentage of bone loss in Japan was about one half of the values obtained 
from the United States and Europe. Mann and colleagues suggested that the 
average bone density in Caucasian men with vertebral deformity is 1.0 g/cm ( Mann 
et al, 1992). 
Davies et al (1993) reported that the prevalence of vertebral deformity is high 
in men, but does not increase with aging as it does in women. However, other 
studies showed that men with even relatively small degree of vertebral deformity 
(vertebral height reduction ^ 2 standard deviations) generally have mean bone 
mineral densitiy significantly below subjects without deformity (Mann et al, 1992). 
Davis et al (1991) also found that cross-sectional estimation of bone mineral density 
was slightly lower than the true rate of loss observed during follow-up. They also 
reported that the rate of bone loss increased with age and was most rapid in men over 
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age 75. On the other hand, Riggs et al. (1982) showed that the overall decrease of 
BMD in normal women was 58% in the femoral neck, 53% in the intertrochanteric 
region of the femur, and 42% in the lumbar spine. For normal men, the rate of 
decrease in BMD was two-third of that in women for femoral neck and 
intertrochanteric femur and only one-fourth of that in women for lumbar spine 
(Riggs et al, 1982). 
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3.2. Body Composition 
Skeletal development until the prepubertal growth spurt is closely related to 
changes in height and weight. Body mass index (BMI) in later years remains 
associated with bone mineral density in both the axial and appendicular skeleton, and 
thin body build has been demonstrated to be a risk factor for fractures of the hip, 
vertebrae and forearm (Aloia, 1985). Although the protective effect of obesity 
against fracture is greater in women, thin body build acts as a risk factor even in men 
(Seeman et al, 1983). 
Apart from these effects, body weight might be associated with greater bone 
mass through greater skeletal loading, and adipose tissue might act as a cushion 
against external trauma. However, there is very little data concerning studies of the 
relationships between vertebral deformity and body composition in men. 
A few studies found that the body composition in terms of body mass index, 
lean mass, and fat mass was found to be lower in women with vertebral deformity 
than normal controls (Goh et al, 1994, Lau et al, 1996). Lean mass in men has been 
shown to be correlated with bone density both regionally and systematically (Looker 
et al, 1993; Snow-Harter, 1992). Reid et al (1992) also suggested that heavy 
women carry more weight and have greater lean body mass, as well as greater fat 
mass. Both fat mass and lean mass influence bone density in women, while lean 
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mass seems more important in men (Reid et al 1992). On the other hand, some 
studies stated that body weight and bone mineral density are positively correlated in 
men and women (Stevenson et al, 1989; Riggs et al, 1981; Dawson-Hughes et al, 
1987; Slemenda et al, 1990; Mazess et al, 1990). It is because body weight may 
increase mechanical stress on bone that may stimulate bone remodeling and preserve 
bone mineral in both men and women (Schulters, 1991). This hypothesis is 
supported by the observation that the correlation between BMD and weight is 
generally greater at axial (weight-bearing skeletal sites e.g. femoral neck, lumbar 
spine) than at appendicular (non-weight-bearing sites e.g. distal radius) (Harris, et al, 
1992). Glauber et al, (1995) reported that weight was the most important 
determinant of bone density at all sites. Height and frame size had smaller effect 
than weight. Therefore, BMI was a less powerful predictor of bone density than 
weight (Glauber et al, 1995). Contrarily, Lunt et al (1997) found that the risk of 
vertebral deformity increased significantly when BMI increased. Johansson et al 
(1994) showed that body weight and height are independent risk factors for BMD at 
age 70. However, height at 75 years of age does not predict vertebral deformities 
later in life in their study. It is because many of the participants, especially women, 
develop thoracic kyphosis some years before the first vertebral deformity (Johansson 
et al, 1994). 
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As a result, study of relationship between body composition (weight, height, 
fat mass, lean mass and percentage fat) and vertebral deformity in elderly men is 
valuable in the present study. 
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CHAPTER 4: LITERATURE REVIEW ON HEALTH 
CONSEQUENCES OF VERTEBRAL 
DEFORMITY 
Osteoporosis is a chronic metabolic bone disease leading to progressive 
destruction of bone microarchitecture and loss of function. Vertebral deformity is 
the most prominent outcome of osteoporosis. The consequences of vertebral 
deformity are considered as major indices of an impaired quality of life (Leidig et al, 
1997). However, quality of life is difficult to assess because it is highly subjective 
and variable as a concept (Gill and Feinstein, 1994; William, 1988). Some studies 
found that the consequences of vertebral deformity in Caucasian women were 
presented as back pain, functional limitations and lower morale (Ettinger et al, 1988; 




4.1. Back Pain 
4.1.1 Back pain and vertebral deformity 
Patel and colleagues reported that osteoporotic vertebral deformity is typically 
associated with acute back pain, which resolves over several weeks (Patel et al, 
1991). However, patients may present of acute pain which has become chronic or 
disabling (Kanis & Pitt, 1992). Contrarily, Sato (1984) stated that a fracture causes 
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acute back pain, whereas spinal deformity due to osteoporosis causes chronic back 
pain. 
A few studies reported that the incidence of vertebral deformity is similar in 
subjects with back pain and asymptomatic controls (Ross et al, 1991; Ettinger et al 
1988; Leidig et al, 1990; Ettinger et al, 1992). They found a strong association 
between the most severe vertebral deformities and high pain scores, and a weaker 
association was observed for moderate deformities (Leidig et al, 1990; Ettinger et al, 
1988; Ross et al 1991). However, Cooper (1997) stated that almost 2,000 U.S. 
white women 65-70 years old reported having back pain during the past 12 months. 
At least one vertebral deformity was found in 60% of these women, and 24% had 
deformities with reduction of vertebral height ratio(VHR) ^ 4SD below the mean. 
This latter group was significantly more likely to verbalize back pain (Cooper, 1997). 
Nevertheless, about one third of a group of 55-93 years old 
Japanese-American women in Hawaii reported back pain in the past year (Huang et 
al, 1996). There was a sharp increase in the frequency of back pain in women 80 
years old (Huang et al, 1996). Also, the European vertebral osteoporosis study 
(EVOS) proved that patients who had vertebral deformities with reduction of VHR^ 
3SD below mean would have back pain twice as likely as subjects without 
deformities in the previous year (Cooper et al, 1997). 
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4.1.2. Back Pain in Men and Women with Vertebral Deformity 
Daily back pain was more common (34%) among women with vertebral 
deformities than in women without deformity (22%) (Johansson et al, 1994). For 
men, back pain was 20% in patients with vertebral deformities and 14% in normal 
subjects (Johansson et al, 1994). A decreasing trend of back pain with increasing 
age was seen for both men and women in the deformities and control groups 
(Zetteberg et al, 1990; Bengner et al, 1988). Besides, most of osteoporotic men 
had a history of back pain that may not always be related to vertebral deformities 
(Peris et al, 1995, Ryan et al, 1992). Nevertheless, Melton and Riggs (1983) had 
theorized that vertebral deformities cause pain frequently in younger postmenopausal 
women because the deformation occurs quickly, whereas in the elderly the 
deformation occurs gradually and painlessly. Most instances of pain associated 
with vertebral deformities are self-limited and can be managed with mild analgesia. 
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4.2. Psychosocial and Functional Limitation and Vertebral Deformities 
Recently, many studies suggested that people with severe vertebral 
deformities were consistently associated with loss of functional capabilities; such as 
dressing, bending, rising, walking and climbing stairs, lifting and lower morale 
(Ettinger et al, 1992; Gold, 1996; Scane et al, 1994; Leidig et al, 1990; Ross et al, 
1991; Ryan et al, 1994, Lau et al, 1998). 
Leidig and colleagues (1990) studied a series of 70 patients with vertebral 
deformities, of which 29 males. They found that 64% had pain on standing, 
walking or bending, while 30% had pain at rest. Help with dressing was required in 
19% and almost all had difficulty with lifting and carrying weight (Leidig et al, 
1990). There were no statistical differences between the men and women in this 
series, although 47% of female patients and one third of males were dependent on 
extra help (Leidig et al, 1990). Besides, vertebral deformities also cause marked 
alterations of mood. (Leidig et al, 1990). A few studies reported that a marked 
association was observed between severe vertebral deformity and functional 
impairment that was more frequent among men than women, except for impaired 
bending (Burgar et al, 1997; Ettinger et al, 1992; Ross et al; 1991). Similarly, Leidig 
et al (1997) found a clear relationship in which patients with two or more vertebral 
deformities suffered from more severe functional limitation in daily activities and 
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impaired mood than those patients with only one vertebral deformity (Leidig et al, 
1997). 
These studies are important because most of them documented that patients 
with vertebral deformities have pain, disability and impaired mood. However, only 
Lau et al (1998) measure the physical performance in terms of Barthel index and 
morale status by means of Philadelphia Geriatric Morale scale in Chinese women 
who are community-dwelling elderly subjects. They found that those with definite 
vertebral deformities had higher back pain and disability scores than the controls, 
while borderline fracture seemed to have little physical dysfunction (Lau et al, 1998). 
Interestingly, morale scores were poor in women with borderline vertebral 
deformities but not in the definite cases (Lau et al, 1998) 
4.2.1 Function Evaluation: The Barthel Index 
Measurement of disability varies in different surveys. Most instruments are 
used in assessing the basic activities of daily living. Barthel Index covers all the 
basic activities and can be used for comparison between different populations (Woo 
et al, 1996). Barthel index is simple and useful in evaluating a patient's state of 
independence (Mahoney and Barthel, 1996). It can easily be understood by people 
who work with a patient and can accurately and quickly be scored by anyone 
(Mahoney and Barthel, 1996). Barthel Index is a simple index of independence to 
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score the ability of a patient with neuromuscular or muscular skeletal disorder to care 
for himself (McDowell et al, 1996). The value assigned to each item is based on 
the time and amount of actual physical assistance required if a patient is unable to 
perform the activity. Full credit is not given for an activity if the patient needs even 
minimal help and / or supervision (Mahoney and Barthel, 1996). 
4.2.2. Philadelphia Geriatric Morale Scale 
The Philadelphia Geriatric Morale Scale is one of the series of geriatric 
assessment scales developed by the Philadelphia Geriatric Center (Lawton, 1996). 
It was designed to measure the dimensions of emotional adjustment in people aged 
70-90. It is applicable both to community residents and to people in institutions 
(Lawton, 1996). 
Lawton viewed morale as a generalized feeling of well-being with diverse 
specific indicator. Morale is viewed as a feeling that is not necessarily related to 
behavior; the relationship resembles that between attitudes and behavior (Lawton, 
1996). A person of high morale has a feeling of having attained something in his 
life, of being competent, and thinks of himself as an adequate person. (Lawton, 1996). 
Social scientists have long been discussing quality of life. They distinguish it from 
the concepts of life satisfaction, morale and happiness (Horley, 1984). In social 
science, quality of life commonly refers to the adequacy of people's material 
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circumstances and to their feelings about these circumstances. Indicators including 
personal wealth and possessions, level of safety, level of freedom and opportunity 
(Lawton, 1996). Life satisfaction generally refers to people's subjective assessment 
of their circumstances (Lawton, 1996). Morale is more subjective still and refers to 
the sense of optimism, confidences, sadness, or depression that may result from life 
satisfaction (Lawton, 1996) 
A preliminary version of the Morale Scale with 41 items was tested on 300 
healthy people with an average age of 78 years. Later on, Lawton subsequently 
recommended a further abbreviation to a scale with 17 items. Most of the items 
have a dichotomous response, and can be administered by self or interviewer. The 
scores can be calculated by means of three sub-scales (agitation, dissatisfaction, and 
attitudes toward one's own aging). (Lawton, 1996). Overall score reflect global life 
satisfaction among the elderly (Lawton, 1996) 
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CHAPTER 5. OBJECTIVES 
The objectives of the current project are:-
1. To compare the BMD at the spine and the hip in elderly Chinese men with 
vertebral deformity and normal controls. 
2. To compare anthropometric indices (height and weight) and body composition 
(lean mass, fat mass, percentage body fat) in elderly Chinese men with vertebral 
deformity with normal controls. 
3. To measure the prevalence of low back pain in elderly Chinese men with 
vertebral deformity. 
4. To study the psychosocial and functional status of Chinese men with vertebral 
deformity. 
The results of the study have potential significance for medical and health 
practitioners involved in the planning and delivery of health services for 
osteoporosis. 
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CHAPTER 6. SUBJECTS AND METHODS FOR PHASE I : 
ANTHROPOMETRIC MEASUREMENT, 
BODY COMPOSITION AND BONE 
MINERAL DENSITY MEASUREMENT IN 
VERTEBRAL DEFORMITY PATIENTS AND 
CONTROLS 




The study subjects were 396 Chinese men aged 70-79 years, who living in ！ 
housing blocks under a Geriatric Priority Housing Scheme in Shatin. The Hong 
Kong Government provides low cost housing to 90%of the population. A fixed 
number of flats in housing estates are reserved for those aged 60 years and over. 
These are operated as the Geriatric Priority Housing Scheme. For the current ‘ 
i 
.1 
project, the managers of ten public housing estates in Shatin were contacted. A list of 丨 
t 
flats under the Geriatric Housing Scheme was obtained. Six of them consented. 
Home visits were made to 550 men. During the home visit, the objectives of 
the study were explained and informed consents were obtained from all eligible 
subjects. To be eligible for the study, subjects had to 70-79 years old. Subjects with 
a known history of metabolic bone disorder, cancer, or who were on long term 
steroid treatment were excluded from the study. Of the eligible subjects, 72% 
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agreed to participate, hence 396 men were studied. On the other hand, 154 (28%) 
subjects refused to participate in the study. Many subjects claimed that they were 
no time to join the study, it is also too far away for them to go to the Prince of Wale 
Hospital to take x-ray. Some of them refused in a rudely manner. Eligible 
subjects were interviewed at home using a standardized structured questionnaire on 
life-style factors. This was the theme of a separate M.Phil thesis and would not be 
described in details here. 
Appointment was made, after the interviews, all subjects to have X-rays of 
the spine taken in the Prince of Wale Hospital. All subjects also had their body 
composition and bone mineral density measured by dual x-ray densitometry (Hologic) 




6.2. Radiology and Digitization Protocol for Diagnosing Vertebral 
Deformity 
The radiology and digitization protocols developed by Black for lateral spine 
radiographs (Black, 1991), were used in this study. Lateral thoracic and lumbar 
spine films were taken with a tube-to-film distance of 40 inches, with thoracic films 
centered at T8 and lumbar films centered at L3. The films were evaluated using a 
translucent digitizer and cursor. Six points were marked for each vertebral body, 
and X,Y coordinates for each point were recorded on an electronic grid with a 
resolution of 0.1mm. As a result, the vertebral height ratio (VHR) from anterior to 
posterior (Ha/Hp), middle to posterior (Hm/Hp), posterior to posterior (above and 
below i.e.Hp/Hp+1 and Hp/Hp-1) were calculated for each vertebral body (from T4 
to L4). Whenever the view was not truly lateral, the midpoints were selected so that 
they fell on a line bisecting the distal and proximal projections of the superior and 
inferior end plates. A trained technician performed digitization of all x-rays. 
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Figure 1 • Diagram of vertebral body showing vertebral height measurements. 
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6.3. Diagnosis of Vertebral Deformity 
To describe the details of the method for defining normal range of vertebral 
height ratios, the following are excepts from the paper by Black et al. (1991). 
Estimation of values among normal vertebrae: 
Assumptions: Black et al. assumed that the distribution of ratios at each 
vertebral level represents a sample from two distinct populations of vertebral bodies: 
fractured vertebral bodies and nonfractured vertebral bodies. The ratios among 
nonfractured vertebral bodies are assumed to follow a Gaussian distribution. Note 
that to avoid confusion, they use the term “ Gaussian" to describe the statistical 
distribution term “ normal" (e.g. normal vertebrae) to describe vertebrae that are not 
fractured. No assumption is about the shape of the distribution of ratios among 
fractured vertebral bodies. They assumed that a wedge fracture decreases the 
anterior height and thus Ha/ Hp is reduced. Similarly, an end plate fracture results 
in a decrease in Hm / Hp. A crush fracture is assumed to results in a decreased 
value of Hp/ and thus can be defined by a reduced ratio of either Hp / Hpi+i or Hpi / 
Hpi小 For each type of fracture, the deformed vertebral body has a ratio in the lower 
tail of the Gaussian distribution. Congenital or acquired abnormalities that increase 
vertebral ratios were assumed to be rare. 
Estimation of the Mean of Ratios from Normal Vertebrae: To illustrate the 
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method, they use Ha / Hp ratios for the first lumbar vertebra (LI) (Figures 3 and 4) 
(Black, 1991). The procedure is identical for the vertebral ratios for all vertebral 
levels. 
First, the frequency of values of Ha / Hp for the vertebral body (Figure 3) is 
plotted for the entire sample. Second, small numbers of fractured vertebrae in the 
tails of the distribution can distort the fit of curves to the center of the distribution 
and bias the estimate of the mean from normal vertebrae. Thus, assuming that 
almost all the values of fractured vertebrae are in the tail of the distribution, the most 
extreme 5% of values on either side of the curve are trimmed. Third, they assume 
that the values of the normal vertebrae follow a Gaussian distribution. Therefore, 
the natural logarithm of the frequency distribution has a quadratics form (Lindgren, 
1968). Thus, the natural logarithm of the frequency in each interval is taken and a 
quadratic curve is fit to the resulting values (Figure 4) in a weighted least-squares 
procedure with the frequencies as the weights. Finally, they estimate the mean as 
the maximum height (the mode) of the curve. They refer to estimates derived from 
this method as the adjusted means. 
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Black also calculates the median of the observed distribution (including 
fractured and normal vertebrae) as an alternative measure of central tendency. 
Estimation of the Standard Deviation for Ratios: The standard deviation of the 
ratios among normal vertebral bodies is estimated from a Gaussian probability plot 
or quantile-quantile (Q-Q) plot. When the data come from a Gaussian distribution, 
the slope of the plot is an estimate of the standard deviation. To construct the 
Gaussian Q-Q plot for a particular ratio, the values of the ratios are first sorted in 
ascending order and the percentile calculated for each value. Based on this 
empirical percentile, the Gaussian quartile is calculated as the value on a Gaussian 
distribution (Z score) that would correspond to the percentile in a Gaussian 
distribution. For example, a value at the 95 percentile corresponds to a Gaussian 
quartile of 1.645, a value at the SO^ '^  percentile (median) corresponds to a Gaussian 
quartile of 0.0. The Gaussian quartile is then potted on the horizontal axis against 
the value of the observation on the vertical axis. For a variable with a Gaussian 
distribution, this plot produces a straight line whose slope is equal to the standard 
deviation of the distribution (Chambers, 1983). Thus, to estimate the standard 
deviation for each of the four ratios at each vertebral level among normal vertebrae, 
they constructed the corresponding Q-Q plot. Figure 5 shows the Q-Q plot for the 
Ha / Hp ratio at LI. The estimates derived from this method are referred to as the 
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“ adjusted" standard deviation estimates. 
However, this plot of the entire sample does not from a straight line in the tails 
of the distribution. Some of this deviation is expected because of the fractures in 
the lower tail of the distribution. They assumed that most of the fractured vertebrae 
are beyond the 10出 percentile and therefore trimmed the highest and lowest 10% of 
the values and fit a line to the remaining 80% of the Q-Q plot The slope of this 
line is then used as the estimated standard deviation. 
The decision to trim 10% of the values is based on a trade-off between two 
factors. On one hand, they wish to trim enough of the tail of the distribution to 
ensure that almost all fractures have been eliminated. On the other hand, they wish 
to preserve as many of the nomal values as possible to maximize the precision of the 
estimates of the normal mean and standard deviation. 
Figure 5. Gaussian quantile-quantile (Q-Q) plot for the Ha / Hp at LI with a line fit 
to the middle 80% of values. . 
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For the purpose of this study, subjects were classified as severe vertebral 
deformity (VHR24SD below the mean); definite vertebral deformity (VHR2 
3-3.99SD below the mean) and mild vertebral deformity (VHR ^ 2-2.99SD below 
the mean ). The rest of the study population was classified as controls. The 
relationship between the various categories of vertebral deformity and controls were 
studied. This classification of vertebral deformity was based on published work in 
the field of osteoporosis (Mann et al, 1992; Jones et al, 1996; Lunt et al, 1997). 
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6.4. Body Composition and Bone Mineral Density Measurements 
The standing height and body weight were measured with subjects bared 
footed and wearing light summer clothing. The body mass index (BMI) was 
calculated in terms of the ratio of body weight (in kg) to the square of height (in m). 
Body composition and bone mineral density (at the hip and spine) were measured by 
dual x-ray densitometry by Hology QDR-2000 machine (Hologic, Waltham, MA, 
USA). For measuring BMD at the spine, any vertebra with deformity was excluded. 
For measuring body composition and bone mineral density, the radiation dose was 
less than 27.0 mR. 
6.4.1. Body composition analysis 
Array total body software version 5.67A, as supplied by the manufacturer, 
was used to analyze the lean mass, fat mass and the percentage body fat of the 
subjects. 
6.4.2. Lumbar spine and hip bone mineral density analysis 
Bone mineral density at the lumbar spine (L1-L4) was analyzed by Hology 
array spine medium software version V4.74A: 1. Bone mineral density of left hip at 
such sites as the Ward's Triangle, intertrochanteric area and femoral neck was 
analyzed by Hology array left hip medium software version V4.59.A:1. The 
outcome measurements were percentage changes in bone mineral densities at the hip 
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and spine as measured by dual X-ray densitometry (Hologic QDR2000). 
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6.5. Quality Control 
6.5.1. Routine quality control of measurements 
Calibration of the DEXA machine performed daily by scanning a Hologic 
bone phantom. The protocol recommended by the manufacturer was strictly 
adhered to. The results of these scans were put into the quality control database 
provided. In our laboratory, the coefficient of variation (C.V.) using bone phantom 
was 0.42%. No drift was seen during the overall period of investigation. 
6.5.2. Precision on patient repositioning 
To study the C.V. of repositioning, 20 normal subjects were scanned once 
and then again after repositioning. The C.V. obtained was 0.7% for spine, 1.2% for 
femoral neck, 1.4% for intertrochanteric area, and 2.8% for Ward's Triangle. 
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CHAPTER 7. SUBJECTS AND METHODS FOR PHASE II: 
HEALTH CONSEQUENCES OF 
VERTEBRAL DEFORMITY PATIENTS AND 
CONTROLS 
7.1. Questionnaire on Health Consequences 
A standardized, structured questionnaire was developed to measure the health 
consequences of vertebral deformity. It was designed to measure the severity of 
back pain and dependency in activities by daily living and morale (Appendix). 
7.1.1. Back Pain and Disability 
During the interview, the subjects were questioned whether they suffered 
from back pain or not in the previous year. The subjects who had claimed to have 
back pain in the previous year were also asked if the back pain affected their ability 
to do 13-item activities. These were the ability to lift a chair; walk on the level, sit 
for an hour at a time, stand for an hour at a time, bend down to pick up things, put on 
socks, get in and out of cars, sleep well, walk around the house, get up from a low 
chair, get out of a bath, go up and down stairs, and cut toe nail. This method of 
questioning was partly based on previous studies on vertebral osteoporosis (Leidig et 
al, 1990; Ettinger et al, 1992) and partly on the findings of a previous study on low 
back pain in Chinese (Lau et al, 1995). The disability score was summed up from 
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the 13 item activities which were mentioned at the above. Subjects with back pain 
in previous year had ‘no difficulty' in performing the activities would score ‘0’； had 
'some difficulty' would score ‘1,; if they 'cannot perform' would score ‘2，. The 
maximum score is 26. The subjects were also asked the number of days in a week 
in which back pain occurred and whether they were on analgesics for their back pain. 
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7.1.2. Activities of Daily Living 
The 10-item version ofBarthel Index was used in this project. The original ten 
activities cover personal care and mobility. Each item is rated in terms of whether 
the patient can perform the task independently with some assistance, or is dependent 
on help. Adding up score on each rating forms an overall score. Scores range 
from 0 to 20. Patient who scored ‘0，indicated that patient was dependent on help; 
scored '3' indicated that patient was independent with help. 
7.1.3 . Psychosocial Status 
Life satisfaction was assessed by the 17-item version of Philadelphia 
Geriatric Center Morale Scale (Lawton 1996) (Appendix). Most of the items have a 
dichotomous response, the method can be self- or interviewer-administered. The 
scores were calculated to form three sub-scales (agitation, dissatisfaction, and 
attitudes toward one's own aging). The overall score reflects global life satisfaction 
among patients. This scale was recommended for the assessment of subjective well 
being, by a working party of the Royal College of Physicians of London (Cook et al, 
1993). The questionnaire has been translated and applied in survey conducted in 
Chinese elderly (Lau et al, 1998). The maximum score attainable was 17, and a 
high score was indicative of good psychosocial status. 
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7.2. Statistical Methods 
7.2.1. Bone Mineral Density and Body Composition 
Bone mineral density and body composition measurements for subjects with 
severe osteoporotic vertebral deformity, definite osteoporotic vertebral deformity, 
mild osteoporotic vertebral deformity and controls were calculated and compared by 
the analysis of variance (ANOVA). The odds ratios (OR) and 95% confidence 
intervals (CI) for vertebral deformity among severe cases, definite cases, mild cases 
in quartiles of bone mineral density and body composition measurements were 
calculated by logistic regression. The chi-square test for trend was applied to test 
whether the ORs of deformity increased with low BMD, low weight, height, fat mass, 
lean mass and percentage fat mass. 
7.2.2 Back Pain and Disability 
The chi-square test was applied to compare number of subjects having back 
pain among severe vertebral deformity cases, definite vertebral deformity cases, mild 
vertebral deformity cases and controls. The ORs and 95% CI for having back pain 
among the various groups of cases was calculated by logistic regression. The 
ANOVA was used for comparing the 13-item disability score due to back pain for 
subjects in different deformity category and controls. 
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7.2.3. Activities of Daily Living and Psychosocial Status 
The ANOVA was applied to compare the mean of ADL score and 
psychosocial score in subjects with severe vertebral deformity, definite vertebral 
deformity, mild vertebral deformity and controls. 
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CHAPTER 8. RESULTS FOR PHASE I : 
ANTHROPOMETRIC MEASUREMENT, 
BODY COMPOSITION AND BONE 
MINERAL DENSITY IN VERTEBRAL 
DEFORMITY PATIENT AND CONTROLS 
8.1. Demographic Characteristics of Study Population 
The response rate was 72%, resulting in a total of 396 subjects for this study. 
28% of subjects refused to participate in the study. Many non-responders said that 
they were no time to go, it was too far away to go to the Prince Wale Hospital to take 
x-ray. Some non-responders just rudely refused to join the study. Of the 396 
study subjects, the number of subjects with one or more severe vertebral deformity, 
one or more definite vertebral deformities, one or more mild vertebral deformities 
and no vertebral deformity were presented in Table 3. The mean age in each group 
is also shown in Table 3. 
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Table 3. Percentage, mean age and standard deviation (SD) in severe vertebral 
deformity, definite vertebral deformity, mild vertebral deformity and controls 
(n-396) 
Vertebral Deformity Status Number Percentages (%) Mean Age (SD) 
Severe 27 6.8 74.4 (2.7) 
Definite 35 8.8 73.8 (2.7) 
Mild 147 37.2 73.8 (2.8) 
Controls 187 47.2 73.9 (2.9) 
Not statistically significant by ANOVA Test 
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8.2. Anthropometric Measurements : Body Composition and Bone 
Mineral Density 
The means and SDs of the body composition for the four study groups (severe 
cases, definite cases, mild cases and controls) are shown in Table 4. 
Total fat mass and percentage body fat were significantly lower in severe cases 
(P<0.05 by ANOVA). On the other hand, body weight was significantly lower 
(P<0.05 by Multiple Range test) in severe cases when compared with controls. 
Body height was significantly lower (P<0.05 by Multiple Range test) in mild cases 
when compared with controls. Similarly, total fat mass and percentage body fat 
were significantly lower (P<0.05 by Multiple Range test) in severe cases when 
compared with controls. 
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Table 4. Means and (SDs) of body composition measurements in cases with severe 
vertebral deformity, definite vertebral deformity, mild vertebral deformity and 
normal controls 
Severe Definite Mild Controls P-value by 
Cases Cases Cases ANOVA 
(n=27) (n=35) (n=147) (n=187) 
Height (cm.) 159.8 161.4 160.1 161.6 0.089 
(6.8) (6.4) (5.6) (6.0) 
Weight (Kg.) 54.4 60.0 58.2 59.3 0.085 
(11.2) (11.1) (8.9) (9.9) 
BMI (Kg/M^) 21.4 23.0 22.7 22.7 0.280 
(4.5) (4.1) (3.3) (3.5) 
Total Fat Mass (Kgs.) 11.2 15.1 14.6 15.5 0.016 
(6.8) (6.4) (5.7) (6.4) 
Total Lean Mass (Kgs.) 38.9 43.4 41.3 41.2 0.075 
(9.4) (5.1) (5.6) (5.8) 
Percentage Body Fat (%) 19.9 24.1 24.7 25.4 0.007 
(7.4) (6.8) (6.7) (7.3) 
Multiple Range Test are significant (P<0.05) in the following factors: 
Weight: between severe cases and controls 
Height: between mild cases and controls 
Total fat mass : between severe cases and controls 
Percentage body fat: between severe cases and controls 
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The mean and SDs of bone mineral density measurements for severe cases, 
definite cases, mild cases and controls are presented in Table 5. 
The BMD at all sites (whole body, L1-L4 spine, femoral neck, 
intertrochanteric area and Ward's Triangle) were significantly lower in severe cases 
than the other cases and controls (P<0.01 by ANOVA). In addition, BMD at all 
sites were also significantly lower in severe cases when compared with controls 
(P<0.05 by Multiple Range test). BMD at the L1-L4 spine, femoral neck, 
intertrochanteric area were significantly lower in definite cases when compared with 
controls. Besides, BMD at intertrochanteric area was significantly lower in mild 
cases when compared with controls (P<0.05 by Multiple Range test). 
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Table 5. Mean and (SDs) of bone mineral density (BMD) measurements in cases 
with severe vertebral deformity, definite vertebral deformity, mild vertebral 
deformity and normal controls 
Severe Definite Mild Controls P-value by 
Cases Cases Cases ANOVA 
(n 二 27) (n=35) (n=147) (n=187) 
Whole Body ( g W ) 0.95 0.99 1.003 1.016 0.004 
(0.09) (0.1) (0.09) (0.08) 
L1-L4 Spine ( g W ) 0.83 0.85 0.89 0.93 0.008 
(0.17) (0.17) (0.18) (0.17) 
Femoral Neck (g/cm^) 0.59 0.64 0.65 0.67 0.008 
(0.09) (0.11) (0.11) (0.11) 
Intertrochanteric Area (g/cm^) 0.8 0.88 0.91 0.94 0.001 
(0.13) (0.16) (0.16)* (0.15) 
Ward's Triangle (g/cm^) 0.37 0.42 0.44 0.46 0.002 
(0.09) (0.11) (0.11) (0.12) 
Multiple Range Test are significant (P<0.05) in the following factors: 
Whole body : between severe cases and controls 
L1-L4 spine : between severe cases and controls; between definite cases and controls 
Femoral Neck : between severe cases and controls; between definite cases and 
controls 
Intertrochanteric Area : between severe cases and controls; between definite cases 
and controls; between mild cases and controls 
Ward's Triangle : between severe cases and controls 
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The ORs and 95% CI of severe vertebral deformity, definite vertebral 
deformity and mild vertebral deformity by quartiles and adjusted for age in body 
composition were shown in Table 6a. 
In general, the relationship among body weight, fat mass and percentage body 
fat was seen only when severe cases were compared to controls. The ORs of severe 
vertebral deformity was 7.0 (95% CI=1.5 to 33.5) in the lowest quartile of fat mass; 
was 12.5 (95o/oCI=1.5 to 102.6) in the lowest quartile of percentage body fat; and 
was 5.2 (95% CI=1.4 to 19.4) in the lowest quartile of body weight. 
The Ors and 95% CI of severe vertebral deformity, definite vertebral deformity 
and mild vertebral deformity by quartiles, adjusted for age and weight in total fat 
mass, lean mass as well as percentage fat were listed in Table 6b. 
After adjusting for body weight, the ORs of severe vertebral deformity was 3.0 
(95%CI=0.2 to 44.0) in the lowest quartile of fat mass; was 0.3 (95% CI二 0.04 to2.4) 
in the lowest quartile of lean mass; and was 6.2 (95% CI二 0.6 to 65.5) in the lowest 
quartile of percentage fat. 
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Table 6a.ORs (95% C.I.) of vertebral deformity among severe, definite and mild 
subjects by quartiles of body composition measurements and adjusted for age 
% ORs (95% C.I.) 
Quartiles Controls Severe cases Definite Cases Mild Cases 
(n=187) (n-27) (n=62) (n=147) 
Weight (Kg) 
>64.5 28 1.0** 1.0 1.0 
59.3-64.5 25 1.8 (0.4-7.9) 0.4 (0.1-1.3) 1.3 (0.7-2.4) 
52.0-59.3 24 2.1 (0.5-9.2) 0.8 (0.3-2.1) 1.3 (0.7-2.5) 
<52.0 23 5.2(1.4-19.4) 0.7 (0.3-2.0) 1.2(0.6-2.3) 
Height (cm) 
>165.0 28 1.0 1.0 1.0 
161.0-165.0 27 0.4 (0.1-1.5) 0.7 (0.2-1.9) 1.4 (0.7-2.5) 
157.0-161.0 25 1.0 (0.3-2.9) 0.8 (0.3-2.2) 1.6 (0.8-2.9) 
<157.0 20 1.6 (0.7-4.5) 1.2 (0.5-3.3) 2.1 (1.1-3.9) 
BMI (Kg/m^) 
>25.1 24 1.0 1.0 1.0 
22.5-25.1 26 0.7 (0.2-2.8) 0.7 (0.2-2.8) 1.0 (0.5-1.8) 
20.2-22.5 26 1.1 (0.3-3.7) 0.5 (0.2-1.5) 0.9 (0.5-1.6) 
<20.2 24 2.3 (0.8-7.2) 0.9 (0.4-2.4) 0.9 (0.5-2.0) 
X 2 test for trend in ORs by quartile: * P<0.05; ** P<0.01 
(Table 6a will be continued at next page) 
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Con't: Table 6a. ORs (95% C.L) of vertebral deformity among severe, definite 
and mild subjects by quartiles of body composition measurements and adjusted for 
age 
% ORs 95% C.L) 
Quartiles Controls Severe cases Definite Cases Mild Cases 
(n=187) (n=27) (n=62) (n=147) 
Total Fat Mass (Kg) 
>18.6 28 1.0** 1.0 1.0 
14.6-18.6 28 1.0 (0.1-7.3) 0.5 (0.1-1.8) 1.1 (0.6-2.1) 
10.8-14.6 21 4.3 (0.8-22.4) 1.4 (0.5-9.0) 1.5 (0.8-2.9) 
<10.8 23 7.0(1.5-33.5) 0.9(0.3-2.8) 1.1 (0.6-2.1) 
Total Lean Mass (Kg) 
>44.8 24 1.0* 1.0 1.0 
41.3-44.8 26 0.4 (0.1-2.6) 0.3 (0.1-1.0) 1.1 (0.6-2.1) 
38.4-41.3 27 1.5 (0.4-5.7) 0.6 (0.1-1.0) 0.9 (0.4-1.7) 
<38.4 23 2.2 (0.6-7.9) 0.5(0.2-1.5) 0.9(0.5-1.9) 
Percentage Fat (%) 
>29.6 33 1.0** 1.0* 1.0** 
25.2-29.6 25 4.1 (0.4-40.7) 2.3 (0.7-7.5) 1.9(1.0-3.6) 
20.6-25.2 18 14.8 (1.8-125.3) 2.8(0.8-9.6) 2.9 (1.5-5.6) 
<20,6 24 12.5 (1.5-102.6) 1.7(0.5-6.0) 1.1 (0.6-2.3) 
X 2 test for trend in odds ratio by quartile: * P<0.05; ** P<0.01 
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Table 6b. ORs (95% C.L) of vertebral deformity among severe, definite and 
mild subjects by quartiles of body composition measurements and adjusted for age 
and weight 
% ORs (95% C.L) 
Quartiles Controls Severe cases Definite Cases Mild Cases 
(n=187) (n 二 27) (n=62) (n=147) 
Height (cm) 
>165.0 28 1.0 1.0 1.0 
161.0-165.0 27 0.4 (0.1-1.5) 0.7(0.2-1.9) 1.3 (0.7-2.5) 
157.0-161.0 25 1.0 (0.3-2.3) 0.9 (0.3-2.4) 1.5 (0.8-2.9) 
<157.0 20 1.0 (0.3-3.1) 1.4 (0.5-4.0) 2.1 (1.1-4.1) 
BMI (KgW) 
>25.1 24 1.0 1.0 1.0 
22.5-25.1 26 0.2 (0.04-1.3) 0.8 (0.2-3.0) 0.7(0.3-1.4) 
20.2-22.5 26 0.2 (0.03-1.3) 0.6 (0.1-2.8) 0.5 (0.2-1.1) 
<20.2 24 0.2 (0.02-1.9) 1.2 (0.2-8.5) 0.4 (0.1-1.2) 
义2 test for trend in ORs by quartile: * P<0.05; ** P<0.01 
(Table 6b will be continued at next page) 
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Con't: Table 6b. ORs (95% C.I.) of vertebral deformity among severe, definite 
and mild subjects by quartiles of body composition measurements and adjusted for 
age and weight 
% ORs 95% C.L) 
Quartiles Controls Severe cases Definite Cases Mild Cases 
(n=187) (n=27) (n 二 62) (n=147) 
Total Fat Mass (Kg) 
>18.6 28 1.0** 1.0 1.0 
14.6-18.6 28 0.7 (0.1-8.8) 0.8 (0.2-3.4) 1.0(0.5-2.2) 
10.8-14.6 21 2.9(0.2-34.1) 2.4 (0.5-11.8) 1.4 (0.6-3.4) 
<10.8 23 3.0 (0.2-44.0) 1.9(0.3-14.1) 1.2 (0.4-3.4) 
Total Lean Mass (Kg) 
>44.8 24 1.0* 1.0 1.0 
41.3-44.8 26 0.2 (0.1--0.5) 0.2 (0.1-0.9) 0.9(0.5-1.9) 
38.4-41.3 27 0.3 (0.1-2.3) 0.1 (0.02-0.8) 0.7 (0.3-1.6) 
<38.4 23 0.3 (0.04-2.4) 0.2 (0.04-1.6) 0.8 (0.3-2.1) 
Percentage Fat (%) 
>29.6 33 1.0** 1.0* 1.0** 
25.2-29.6 25 3.9 (0.4-41.5) 2.7 (0.8-9.4) 1.8 (0.9-3.6) 
20.6-25.2 18 12.7 (1.3-124.6) 4.0 (1.0-16.7) 2.7 (1.3-5.6) 
<20.6 24 6.2 (0.6-65.5) 2.3 (0.5-11.2) 1.1 (0.5-2.6) 
X 2 test for trend in odds ratio by quartile: * P<0.05; ** P<0.01 
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The ORs and 95% CI of vertebral deformity in quartiles of BMD and 
adjusted for age at all sites (total body, L1-L4 spine, femoral neck and 
intertrochanteric area) are shown at Table 7a. 
Fairly high odd ratios for severe vertebral deformity was observed in the lowest 
quartiles of BMD at all sites. Such odds ratios ranged from 3.1 (95% CI= 1.0 to9.9) 
for the lowest quartile of BMD at the lumbar spine; to 10.5 (95% CI= 2.3 to 49.3) for 
the intertrochanteric area. 
The ORs and 95% CI of vertebral deformity in quartile of BMD, and adjusted 
for age and weight at all sites are presented at Table 7b. 
After adjusting the body weight at all sites (total body, L1-L4 spine, femoral 
neck and intertrochanteric area), the ORs of BMD for severe vertebral deformity was 
not high in the lowest quartile at total body, L1-L4 spine and femoral neck. Such 
odds ratio ranged from 1.6 (95% CI二 0.5 to 5.9) for the lowest quartile of BMD at 
the spine; to 5.0 (95% CI= 0.9 to 26.5) for the lowest quartile at the total body. 
Fairly high odds ratio for severe vertebral deformity was still found in the lowest 
quartile of BMD at intertrochanteric area (ORs was 10.7 with 95% CI= 1.7 to 61.8). 
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Table 7a. ORs (95% CI) of vertebral deformity in severe, definite and mild subjects 
in quartiles of bone mineral density (BMD) and adjusted for age 
% OR (and 95% C.L) 
Quartiles of BMD at sites Controls Severe cases Definite Cases Mild Cases 
( g W ) (n=187) (n=27) (n=62) (n=147) 
Total Body 
^1.0611 27 1.0** 1.0 1.0 
1.0061-1.061 29 1.9(0.3-11.0) 1.1 (0.3-4.0) 0.8 (0.4-1.6) 
0.9371-1.006 24 3.1 (0.6-16.8) 1.8 (0.5-5.9) 1.2 (0.6-2.2) 
‘ 0 . 9 3 7 20 9.0(1.9-43.2) 1.9(0.6-6.6) 1.4 (0.7-2.7) 
L1-L4 spine 
21.0151 30 1.0* 1.0* 1.0 
0.891-1.015 23 1.4 (0.4-5.2) 1.9 (0.6-5.8) 1.8 (1.0-3.2) 
0.8051-0.89 27 1.4 (0.4-4.9) 0.9 (0.3-3.1) 1.3 (0.7-2.4) 
^0,805 20 3.1 (1.0-9.9) 3.5 (1.2-9.9) 1.8 (1.0-3.4) 
Femoral Neck 
^0.7241 28 1.0** 1.0 1.0 
0.6631-0.724 26 3.3 (0.6-17.2) 1.0(0.4-2.7) 1.2 (0.7-2.2) 
0.581-0.663 24 2.4 (0.4-13.6) 1.5 (0.5-3.5) 1.3 (0.7-2.5) 
^0 .58 22 9.9(2.1-45.7) 1.1(0.4-3.2) 1.3 (0.7-2.3) 
Intertrochanteric Area 
^1.0181 28 1.0** 1.0 1.0 
0.9171-1.018 28 1.0 (0.1-7.6) 1.3 (0.4-3.7) 0.9 (0.5-1.6) 
0.8221-0.917 25 5.2 (1.1-25.6) 1.3 (0.4-3.9) 1.1 (0.6-2.0) 
^0.822 19 10.5 (2.3-49.3) 2.4 (0.9-6.8) 1.5 (0.8-2.8) 
X 2 test for trend in odds ratio by quartile: * P<0.05; ** P<0.01 
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Table 7b. ORs (95% CI) of vertebral deformity in severe, definite and mild 
subjects in quartiles of bone mineral density (BMD) and adjusted for age and weight 
% OR (and 95% C.I.) 
Quartiles of BMD at sites Controls Severe cases Definite Cases Mild Cases 
( g W ) (n=187) (n=27) (n=62) (n 二 147) 
Total Body 
^1.0611 27 1.0** 1.0 1.0 
1.0061-1.061 29 1.4 (0.2-8.4) 1.4 (0.4-5.0) 0.8 (0.4-1.5) 
0.9371-1.006 24 2.3 (0.4-13.0) 2.1 (0.6-7.1) 1.1 (0.6-2.1) 
^0.937 20 5.0 (0.9-26.5) 2.5 (0.6-9.7) 1.4 (0.7-2.9) 
L1-L4 spine 
21.0151 30 1.0* 1.0* 1.0 
0.891-1.015 23 1.3 (0.4-5.1) 2.0(0.7-6.1) 1.8 (0.9-3.3) 
0.8051-0.89 27 1.0 (0.4-2.5) 1.2 (0.3-4.5) 1.3 (0.7-2.5) 
^0.805 20 1.6 (0.5-5.9) 5.6 (1.7-18.6) 1.9 (0.9-3.8) 
Femoral Neck 
$0.7241 28 1.0** 1.0 1.0 
0.6631-0.724 26 2.7(0.5-14.8) 1.1 (0.4-3.2) 1.2 (0.6-2.2) 
0.581-0.663 24 1.6 (0.3-10.4) 1.5 (0.5-4.4) 1.3 (0.7-2.5) 
^0.58 22 2.3 (0.4-12.2) 1.4(0.4-4.3) 1.2 (0.6-2.5) 
Intertrochanteric Area 
^1.0181 28 1.0** 1.0 1.0 
0.9171-1.018 28 1.1 (0.1-8.0) 1.5 (0.5-4.5) 0.9 (0.5-1.6) 
0.8221-0.917 25 5.6 (1.0-33.0) 1.9 (0.6-6.1) 1.1 (0.6-2.2) 
^0.822 19 10.7 (1.7-67.8) 4.7 (1.3-17.5) 1.7 (0.8-3.5) 
X 2 test for trend in odds ratio by quartile: * P<0.05; ** P<0.01 
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CHAPTER 9. RESULT FOR PHASE H : HEALTH 
CONSEQUENCES OF VERTEBRAL 
DEFORMITY PATIENTS AND CONTROLS 
9.1. Back Pain 
A total of 44% of severe cases, 41% of definite cases, 31% of mild cases and 
40% of controls reported back pain in the previous year. The ORs and 95% CI of 
back pain and regular analgesic use in subjects with severe vertebral deformity, 
definite vertebral deformity, mild vertebral deformity are shown in Table 8a. 
There were no association seen between back pain in the previous year and the 
risk of vertebral deformity. However, subjects with severe vertebral deformity were 
at a higher risk of taking analgesic for their back pain. 
Table 8a. The ORs (95% CI) of back pain and analgesic use among severe cases, 
definite cases, mild cases and controls. 
% in ORs (95% CI) 
Controls Severe Cases Definite Cases Mild Cases 
(n=187) (n=27) (n=35) (n=147) 
Back pain in previous year 40 1.2 (0.5-2.7) 1.1 (0.5-2.2) 0.7(0.4-1.1) 
Regular analgesic 15 4.1 (1.1-15.2) 3.2 (0.9-11.3) 2.2 (0.9-5.4) 
P<0.05 by X 2 test 
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The percentage of subjects with vertebral deformity and back pain last year was 
listed in TableSb. Although 43.5% of subjects with vertebral deformity complaint 
of back pain last year, there was also no association proved between vertebral 
deformity and back pain. 
Table 8b. Percentage of subjects with vertebral deformity and back pain last 
year 
Number of cases S.D. 
Back Pain Last Year 26 43.5 
Without Back Pain Last Year 35 56.5 
Chi-square test was not significant 
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9.2 Disability 
The mean and SD of disability due to back pain in 4 study groups were 
presented in Table 9a. 
The disability score was obtained from the 13 item activities and had been 
mentioned at section 7.1.1. Subjects with back pain in previous year had ‘no 
difficulty' in performing the activities would score ‘0，； had 'some difficulty' would 
score ‘1，； if they 'cannot perform' would score ‘2,. Those activities were summed 
up into disability score. More than half of the subjects have not had back pain in 
the previous year. More subjects with mild vertebral deformity and controls were 
complaint of back pain than the subjects with severe and definite vertebral 
deformity. The mean score ranged from 4.1 in severe cases to 5.6 in definite cases. 
The maximum score is 26. There was no relationship seen between disability and 
vertebral deformity among the 4 groups. 
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Table 9a.Mean and SDs of disability score due to back pain among 4 study groups 
Number of cases Mean Score S.D. 
Severe Cases 11 4.1 2.1 
(n=27) 
Definite Cases 13 5.6 5.8 
(n=35) 
Mild Cases (n=147) 43 4.8 4.8 
Controls (n二187) 65 4.9 5.9 
ANOVA was not significant among these 4groups 
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The mean and S.D. of disability score in subjects with vertebral deformity was 
shown in Table 9b. 
62 subjects had vertebral deformity. The mean score was 1.9. A large 
number of subjects had not had vertebral deformity with mean score was 1.6. 
However, there was no relationship seen between disability and vertebral deformity. 
Table 9b. Mean and SDs of disability score due to back pain in subjects with 
vertebral deformity 
Number of cases Mean Score S.D. 
Deformity 62 1.9 3.7 
No Deformity 334 1.6 3.8 
t-test was not significant between 2 groups 
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9.3. Activities of Daily Living 
The means and SDs of activities of daily living (ADL) score among 4 study 
groups (severe cases, definite cases, mild cases and controls) are presented in Table 
10. 
The ADL scores was summed up from the 10-item version Barthel Index., 
which had been mentioned at section 7.1.2. The score ranged from 0 to 20. There 
was no association between activities of daily living and vertebral deformity. The 
means and SDs of the morale score were very similar in subjects with severe 
vertebral deformity, definite vertebral deformity, mild vertebral deformity and 
controls. There was no relationship seen between ADL and vertebral deformity by 
ANOVA. 
Table 10. Means and SDs of ADL score among 4 study groups. 
Number of Cases Mean SD 
Severe Cases 26 18.5 0.8 
Definite Cases 35 18.7 0.7 
Mild Cases 146 18.7 0.8 
Controls 187 18.5 0.9 
ANOVA was not significant among these 4 groups 
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9.4. Psychosocial Status 
The means and SDs of psychosocial score among 4 study groups (severe cases, 
definite cases, mild cases and controls) are shown Table 11. 
The psychosocial score was obtained from the 17-item version of Philadelphia 
Geriatric Center Morale Scale, which had been described at section 7.1.3. The 
interquartile range of psychosocial score was 9-14 among the subjects. The means 
and SDs of the psychosocial score were very similar in subjects with severe vertebral 
deformity, definite vertebral deformity, mild vertebral deformity and controls. 
There was no relationship seen between psychosocial score and vertebral deformity 
by ANOVA. 
Table 10. Means and SDs of psychosocial score among 4 study groups. 
Number of Cases Mean SD 
Severe Cases 27 3.0 1.1 
Definite Cases 35 2.7 1.1 
Mild Cases 147 2.9 1.1 
Controls 187 2.8 1.2 
ANOVA was not significant among these 4 groups 
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Chapter 10. Discussion I 
lO.l.Study Sample 
Hong Kong is located in South China, it is a highly urbanized city with a 
population density of 1000 / hectare, in which more than fifty percent of the 
population aged 65 and over. There is no population registered for random 
sampling, and many epidemiological studies are conducted as household surveys. 
This method was also adopted in this survey. Our study sample is a cluster sample 
of men living in public housing in Hong Kong. As 90% of the Hong Kong 
population lives in public housing, our study sample should by representative of 
elderly men in Hong Kong. The response rate is moderate, being 72%. There was 
no evidence to indicate that non-responders were systematically different from 
responders. None of the study subjects have a history of metabolic bone disorders. 
Therefore, the result of our study should be applicable to elderly men in Hong Kong. 
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10.2. Digitization Method and Definition of Vertebral Deformity 
Digitization was applied in diagnosing of vertebral deformity in our study. 
This method was developed by Black (Black, 1991) and has been previously tested 
in women. Point placement and digitization were performed by the digitizing 
technicians who had been trained at the University of California San Fancisco 
(UCSF) Prevention Sciences Group Osteoporosis Studies Coodinating Centre. 
Several methods were used for estimating reference values on the basis of 
vertebral morphometry. Firstly, one potential standard might be the radiographs 
from younger men or premenopausal women. It is believed that younger men and 
premenopausal women have a very low prevalence of vertebral fractures. This 
method has been used by Hedlund and Davies (Hedlund, 1988; Gallagher, ^988; 
Davies 1989). The advantage of this method is that the radiographs can be used to 
recalibrate reference values if methods of measuring vertebral dimensions change. 
On the other hand, this method may be feasible for many studies because of the 
reluctance to expose normal premenopausal women to the radiation involved in 
lateral films of the spine. Another disadvantage of this method is that it assumes 
that normal vertebral dimensions do not change with age. The second method for 
estimating reference values in women, is to start with a sample of radiographs that 
contains both normal patients and those with fractures, used by Melton and Minne in 
their studies (Melton, 1987; Minne, 1988). A sample of these radiographs is chosen 
in which all vertebrae appears to be normal (nonfracture) based on qualitative 
84 
readings by an experienced clinician. Then the reference values are calculate 
directly from the sample. This approach assumes that qualitative assessments are a 
gold standard, whereas expert readers often disagree about fractures (Davies, 1989), 
and the biases of an expect reader may distort the resulting reference values. The 
other disadvantage of this method is that a single fracture disqualifies an entire spine 
from being used in the reference data set. Thirdly, more attainable approach is to 
estimate the means and SDs of normal subjects using statistical methods to exclude 
skewed values (Black et al, 1991). The latter method was used in this study. 
The est imation o the means and SDs of normal subjects using statistical 
methods were applied to def ine reference values on the basis of a populat ion that 
includes subjects both with and without vertebral deformit ies . This approach does 
not involve qualitative judgmen t s about whether a subject has a deformi ty and does 
not require that additional radiographs be obtained. Moreover , only those heights 
that represent deformi ty are excluded: the normal (non-deformed) values of the spine 
for a person with a single deformity are still included in the calculations. Two 
similar statistical methods have been proposed (Melton, et al, 1993; Black cl al, 
1991): the first uses a Gaussian ('‘Normar’）statistical distribution (Black et al, 1991), 
while the second lakes a nonparametric approach (Melton et al, 1993). 
The ratios of non-deformed vertebral bodies are assumed to depend on a 
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Gaussian Distribution. The shape of the distribution of ratios of deformed vertebral 
bodies is not to be assumed. The deformed vertebral body will have a ratio in the 
lower tail of the Gaussian distribution for each type of deformity. 
The diagnosis of severe, definite and mild vertebral deformity was based on the 
estimation of means and SDs of normal subjects using statistical methods to exclude 
skewed values, so that errors arising from the subjective reading of x-ray films were 
avoided. Ascertainment bias was avoided by blinding interviewers to the deformity 
status of subjects. Therefore, the study was relatively free of bias, the findings 
should be valid for elderly Chinese in general. 
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10.3. Precision of Body Composition of Bone Mineral Density 
Measurements 
In our study, dual x-ray densitometry (DEXA) was used to measure bone 
mineral density (BMD) and body composition. DEXA is widely used technique on 
the grounds of cost, good precision, fast and low radiation burden (Johnston and 
Melton, 1995). DEXA had been used to study vertebral deformity in women by 
Lau previously (Lau et al, 1996), therefore, comparison of BMD and body 
composition between males and females can be easily made. 
Rigorous quality control measures were adopted in this study, including daily 
scanning of a phantom, and meticulous positioning. 
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10.4. Questionnaire Validity 
10.4.1 Back Pain and Disability 
In our study, the subjects were asked whether they suffered from back pain in 
the previous year. The subjects who had claimed to have back pain in the previous 
year were also questioned if the back pain affected their ability to do 13-item 
activities. This method of questioning was partly based on previous studies on 
vertebral osteoporosis (Leidig et al, 1990; Ettinger et al, 1992) and partly on the 
findings of a previous study on low back pain in Chinese women (Lau et al, 1995). 
10.4.2 Barthel Index 
The Barthel index was used in our study. Two main versions exist: the 
original lO-item version and an expanded 15-item version. An overall score is 
formed by adding up scores on each rating, and suggests the amount of time and 
assistance a patient will require (Mahoney & Barthel, 1996), Several authors have 
proposed guidelines for interpreting Barthel scores. Shah et al (1989，P.704) 
suggested that scores of 0-20 (on either 10- or 15-item versions) indicate severe 
dependency, 21-60 indicate severe dependency, 61-90 indicate moderate dependency, 
and 91-99 indicate slight dependency. Many modifications have been made to the 
Barthel scale, a variant of 10-item form proposed by Collin and Wade (1988) in 
England, which was applied in this project. They reordered the original 10-item, 
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clarified the rating instructions, and modified the scores for each item. Total scores 
range from 0 to 20. This version also moves from the capacity orientation of the 
original to a performance rating, indicating what the patient actually does rather than 
what she could do. 
Wade reported validity information for the revised 10-item version should be 
used as a record of what a patent could do. The purpose is to establish degree of 
independence from any help, either physical or verbal, and for whatever reason. 
The need for supervision renders the patient, not independent. A patient's 
performance should be established using the best available evidence. Asking the 
patient, friends or relatives will be the usual source, but direct observation and 
common sense are also important. However, direct testing is not needed (Wade & 
Hewer, 1987). Correlations between 0.73 and 0.77 were obtained with an index of 
motor ability for 976 stroke patients (Wade and Hewer, 1987, P. 178). 
10.4.3 The Philadelphia Geriatric Center Morale Scale 
The Morale Scale is one of a series of geriatric assessment scales developed by 
the Philadelphia Geriatric Center. A preliminary version of the Morale Scale with 
41 items was tested on 300 healthy people with an average age of 78 years. 22 
items that were significantly associated with an independent ranking of the 
respondents according to morale, and that also loaded on a factor analysis, were 
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retained for the main version of the scale (McDowell & Newell, 1996, P203-206). 
Lawton (1975) subsequently recommended a further abbreviation of the scale to 17 
items, as indicated by asterisks in the exhibit. Most of the items have a 
dichotomous response; the method can be self- or interviewer- administered. Liang 
and Bollen (1983) suggested that scores be calculated to form three sub-scales 
(agitation, dissatisfaction, and attitudes toward one's own aging) and this has been 
widely followed; an overall score reflecting global life satisfaction can also be 
formed. 
Lawton studied reliability for several groups of respondents following varying 
delays. Test-retest correlation ranged from 0.91 after five weeks to 0.75 after three 
months (Lawton, 1972). Differences were found between Black and White 
respondents in the reliability of only two items: “I am afraid of a lot of things" and 
“Life is hard for me" (Liang et al, 1987). 
Morris and Sherwood (1975) analyzed the 17-item version of the scale. 
Three factors were obtained with internal consistencies ranging from 0.62 to 0.76. 
Lawton (1975) replicated this analysis on 828 elderly community residents. 17 
items formed three factors which were comparable to those obtained by Morris and 
Sherwood: agitation (6 items), attitude toward one's own aging (5 items), and lonely 
dissatisfaction (six items). They obtained alpha internal consistency coefficients of 
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0.85, 0.81, and 0.85 respectively (Lawton, 1975). Lawton (1975) recommended 
that these 17 items be referred to as the "Revised PGC Morale Scale". 
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Chapter 11. Discussion II 
11.1 Body Composition and Bone Mineral Density 
The mean age of subjects with severe vertebral deformity, definite vertebral 
deformity, mild vertebral deformity and controls were similar. We found that the 
body weight, total fat mass, percentage body fat were lower in subjects with severe 
vertebral deformity. Moreover, bone mineral density (BMD) at all sites including 
whole body, lumbar spine, femoral neck and intertrochanteric area were significantly 
lower in men with severe vertebral deformity results from osteoporosis, is not 
pathological in Chinese men. Moreover, subjects with a low body mass index, 
percentage body fat and fat mass are at a higher risk of severe vertebral deformity. 
After adjusting for weight in subjects with low body mass index, percentage body fat 
and fat mass, the risk of having severe vertebral deformity is lesser. It is because 
increased body weight may increase fat mass and percentage of body fat which may 
create a protective effect against external trauma. Besides, body weight might be 
associated with greater bone mass through greater skeletal loading. As a result, 
body weight is an important factor for vertebral deformity. 
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11.2. Differences of Vertebral Deformity between Chinese Men and 
Caucasian Men 
Osteoporosis is also a major public health problem in contemporary Western 
society with its aging population. Most studies have concentrated almost 
exclusively on osteoporotic deformities in women (Reid et al, 1991; Harris et al, 
1992; Goh et al, 1994). It is hard to find relevant study to explore osteoporotic 
deformities in men merely. 
Jones et al (1996) found that BMD at femoral neck is more consistently 
associated with vertebral deformity than at spine in both Australian men and women. 
Besides, the prevalence of vertebral deformities increased with age and decreased 
with increasing body weight in both sexes (Jones et al, 1996). However, BMD 
appeared to have a stronger association in men than in women (Jones et al, 1996). 
The prevalence of deformities was higher in Australian men than in Australian 
women (Jones et al, 1996). Few studies in the literatures directly compare 
prevalence rates in men and women. A study from Jerusalem found there was a 
sevenfold higher prevalence rate in women (Pogmnd et al, 1997), while another from 
Finland found a twofold higher prevalence rate in men (Harma et al, 1986). Recent 
European Vertebral Osteoporosis Study also indicated that prevalence is similar in 
men and women. 
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A comparison was made here in order to explore the difference between Jones' 
study in Australian men (Jones et al, 1996) and our study in Chinese men. The 
BMD at lumbar spine and femoral neck, and prevalence of severe and definite 
vertebral deformity between Chinese men and Australian men (Jones et al, 1996) 
were shown in Table 11. We found that there was higher prevalence rate at both 
severe and definite vertebral deformity in Australian men (Jones et al, 1996) than in 
Chinese men in our study. Similarly, there was an elevated risk of vertebral 
deformity when decreasing bone mineral density at both lumbar spine and femoral 
neck in Australian men (Jones et al, 1996) and Chinese men. There might have two 
reasons to explain the higher prevalence rate of vertebral deformity in Australian 
men than in Chinese men. Firstly, the sample of size of severe and definite 
vertebral deformity in Chinese men was too small to make accurate comparison with 
those in Australian men. Secondly, racial and genetic factors accounted for as 
much as 80% of the variance in peak bone mass (Slemends et al, 1991), therefore, 
racial and genetic factors might contribute to these variation of vertebral deformity 
between Chinese men and Australian men. For instance, Negroid populations have 
a higher bone mass than Caucasians and Asians (Reid et al, 1986, Cohn et al, 1977). 
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Table 11 Comparison of BMD and prevalence of severe and definite vertebral 
deformity between Chinese men and Australian men 
Chinese Men Australian Men 
Severe Definite Severe Definite 
Prevalence of Vertebral Deformity (%) 
6.8 15.7 16.8 24.8 
Lumbar Spine 
GRa 1.87 1.65 2.10 1.25 
(9507�C.I.) (1.07-3.29) (0.99-2.73) (1.15-3.52) (0.78-1.90) 
Femoral Neck 
a R 1.83 1.8 1.97 1.47 
(95% C.I.) (1.10-3.05) (0.75-1.90) (1.12-3.45) (0.92-2.32) 
Change in odds ratio for severe and definite vertebral deformity per standard 
deviation decrease in bone density. Standard deviations were as follow: lumbar 
spine 0.25 (Australian), 0.17 (Chinese); femoral neck 0.15 (Australian), 0.11 
(Chinese). 
Source : Jones et al, 1996. 
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11.3. Health Consequences in Chinese Men 
Our results on health consequences in Chinese men were different from 
previous findings in Caucasians. Studies in Caucasians indicated that three were 
association between the extent of vertebral deformity and health consequences in 
terms of back pain, functional limitations, and alteration in mood (Ettinger et al, 
1988; Leidig et al, 1990; Lyles et al, 1993). Some studies reported that only Grade 
4 deformities (a reduction of vertebral height ration (VHR) 4 SD below mean) 
resulted in back pain, disability, and height loss (Ettinger et al, 1992; Ryan et al, 
1994; Cook et al, 1993). Although there was no association seen between back pain 
and the risk of vertebral deformity in Chinese men in our study, more men (44%) 
with severe vertebral deformity complaint of back pain than those with definite 
vertebral deformity (41%), mild vertebral deformity (31%) and normal controls 
(40%). There are several reasons to explain the low prevalence rate of back pain in 
Chinese men. Firstly, there are 27 subjects having severe vertebral deformity and 
35 subjects having definite vertebral deformity. The sample size may be too small 
to detect back pain significantly. Secondly, the perception and tolerance of pain 
may be various at different people, therefore, it is difficult to quantify pain status in 
our study subjects. However, more Chinese men with severe vertebral deformity 
had to take analgesic for their back pain. Chinese men with vertebral deformity 
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also did not have functional limitations and psychosocial problem significantly. 
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11.4. Comparison of Health Consequences between Chinese Men and 
Caucasian Men 
There is little published information on the consequences of vertebral deformity 
in men. Scane et al (1994) found that men with vertebral crushed fractures reported 
significant height loss, back pain and disability. Moreover, as much as 52% of their 
patients with vertebral crushed fractures were on analgesics, as compared with 24% 
of subjects with definite crushed fracture in our study. The difference in morbidity 
between Scane et al's study and ours can be explained by the difference in patient 
source. All the patients in their study were attending a bone clinic for symptoms 
due to osteoporosis. On the other hand, our patients with vertebral deformity were 
diagnosed by screening. In this group, vertebral crushed fracture might have 
occurred in the past and symptoms might have subsided. 
The difference of back pain, functional disability and analgesic use between 
Caucasian men (Scane et al, 1994) and Chinese men is presented in Table 12. It 
seems that back pain and disability due to back pain are much less frequent in 
Chinese men than Caucasian men. 
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Table 12. Self reported back pain, analgesic use and percentage that could not 
perform activities between Chinese men and Caucasian men. 
Chinese Men (n=62) Caucasian Men (n=63) 
(%) (%) 
Reported Back Pain 20 30 
Analgesic Use 39 52 
Percentage who could not perform the following activities : 
Bending 42 64 
Walking 35 59 
Standing 40 64 
Sitting 23 44 
Walking Stairs 40 44 
Source : Scane et al, 1994. 
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11.5. Variation of Health Consequences between Chinese Men and 
Chinese Women 
11,5.1 Back Pain and Disability 
The prevalence of back pain and disability associated with back pain 
attributable to vertebral deformity has been studied in Chinese women (Lau et al, 
1998). In our study, we found that the prevalence of back pain was higher in men 
with vertebral deformity than those in women in Lau s study (Lau et al, 1998), 
and more men were on analgesic. We have included pain in any area of the back 
a “ back pain" , which may partly explain the higher prevalence. Only 15% of 
male controls with back pain were on analgesic, which suggested that these men 
tend to report even mild back pain. In contrast, 38% of men with female 
vertebral deformity were on analgesic, which indicated that pain might be more 
severe among deformity patients. 
Patients and controls reported similar disability, which may imply that our 
measurements of disability were relatively insensitive, despite the fact that the 
questionnaire was based on previous findings from low back pain survey. Some 
patients with vertebral deformity may have thoracic pain, which may differ in 
outcomes from low back pain. The causes for back pain in men are divergent, 
and these may include prolapsed lumbar disc, osteoarthritis, or more rarely, 
ankylosing spondylitis. This may also explain the lack of an association between 
vertebral deformity and back pain in our study. 
The percentage of women with disability due to back pain was consistently 
higher among definite case than controls (Lau et al, 1998), which is different 
from our study. The percentage of men whose daily activity was affected by 
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back pain was similar among cases and controls. 
11.5.2 Psychosocial Status 
Chinese men with vertebral deformity did not have psychosocial problem 
significantly. Interestingly, psychosocial status was poor in women with mild 
deformity but not in women with definite vertebral deformity (Lau et al, 1998). 
Psychological morbidity usually results as subjects fail to adapt to physical 
changes that accompany chronic and degenerative diseases. Women with 
definite vertebral deformity may have had the condition for a longer duration 
than patients with mild deformity, hence they might have adequately 
compensated for it psychologically. On the other hand, women with mild 
deformity might be at the phase of the disease when symptoms and physical 
changes have just begun to manifest. This might have resulted in poor 
psychosocial status. 
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Chapter 12. Conclusion 
1 • Chinese men with severe vertebral deformity had lower body weight, fat mass 
and percentage fat than controls. 
2. Chinese men with severe vertebral deformity had lower bone mineral density 
at the lumbar spine, femoral neck, intertrochanteric area and ward's triangle. 
3. The prevalence of self-reported back pain and disability was not higher in 
men with vertebral deformity. However, more men with severe vertebral 
deformity had to take analgesic for their back pain. 
4. The activities of daily living were not more impeded in Chinese men with 
vertebral deformity than controls. 
5. Psychosocial status was not lower in Chinese men with vertebral deformity 
than controls. 
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Appendix 
Hong Kong Vertebral Osteoporosis Survey On Men 
1996-1997 
Serial Number : 
Name : 
Home Telephone Number : 
Address : 
H.K. I.D. : 
Date of Birth / Age : 
I. Have you ever had back pain? ( ) 
BACKP 
1 二 Yes ( Please answer the following question) 
2= No ( Please go to question Barthel ADL Index) 
2. Have you ever had back pain in the last year? ( ) 
1 1 5 
LASTY 
1= Yes ( Please answer the following question) 
1: No ( Please go to question Barthel ADL Index) 
3. How often does the pain occur? ( )丨HOWO 
1= all the time 
2= some time 
3= rarely 
4. How bad was the pain? ( ) HOWB 
i 
1 二 mild 
2= moderate 
3二 severe 
5. Can you perform the following activities? 
0= no difficulty 
1= some difficulty 
I 
！ 
2= cannot perform 
a) l i f t i ng a c h a i r a) ( ) L I F T 
b) w a l k i n g b) ( ) W A L K 
c) silting tor an hour at a time c) ( ) SIT 
d) standing for an hour at a time d) ( ) STAN 
c) bend down to pick up things c) ( ) PICKU 
0 putting on socks 0 ( ) SOCK 
116 
g) getting in and out of cars g) ( ) CAR 
h) sleeping h) ( ) SLEEP 
i) walking around the house i ) ( ) HOUSE 
j) getting up from a low chair j ) ( ) CHAIR 
k) getting out of a bath k) ( ) BATH 
1) going up and down stairs 1) ( ) UDSTAI 
m) cutting your toenail m)( ) TOENAI 
6. Do you need to take analgesic regularly for your back pain? 
l=Yes 2= No ( ) DRUG 
1 1 7 
Barthel ADL Index: 10 items modified version. Can you perform the following 
activities:- score accordingly. 
L Bowels : { ) b o w e l 
0= Incontinent ( or needs to be given enema) 
1= Occasional accident ( max. once/24 hours) 
2= Continent 
2. Bladder: ( ) BLADDE 
0= Incontinent, or catheterized and unable manage 
1= Occasional accident (max. once/24 hours) 
1= Continent (for more than seven days) 
3. Grooming: ( ) GROOM 
0= Need help with personal care: face, hair, teeth, shaving 
1= Independent (implements provided) 
4. Toilet use: ( ) TOILET 
0= Dependent 
1= Needs some help but can do something alone 
2= Independent (on and off, wiping, dressing) 
5. Feeding: ( ) FEED 
0= Unable 
1= Needs help 
1 1 8 
2= Independent (food provided within reach) 
6. Transfer: ( ) TRANS 
0= Unable---no sitting balance 
1= Major help (physical, 1 or 2 people) can sit up 
2= Minor help (verbal or physical) 
3二 Independent 
7. Mobility: ( ) MOBIL 
0= Immobile 
1= Wheelchair independent, including comers 
1= Walks with help of one person (verbal or physical) 
3= Independent 
8. Dressing: ( ) DRESS 
0= Dependent 
1= Needs help but can do about half unaided 
2= Independent (including buttons, zips, laces) 
9. Stairs ( ) STAIRS 
0= Unable 
1 二 Needs help (verbal, physical, carrying aid) 
1= Independent up and down 
1 1 9 
10. Bathing ： ( j BATHING 
0= Dependent 
1= Independent (Bath: must get in and out unsupervised 
and wash self. Shower: unsupervised/unaided) 
1 2 0 
Philadelphia Geriatric Morale Scale: Shortened version 
Does the following describe your feeling accurately? (Score 1 if the answer is 
same as the right) 
Agitation 
1. Little things bother me more this year No 
2. I sometimes worry so much that I can't sleep No 
3. I am afraid of a lot of things No 
4. I get mad more than I used to No 
5. I take things hard No 
6. I get upset easily No 
Attitude toward own aging 
7. Things keep getting worse as I get older No 
8. I have as much energy as I had last year Yes 
9. As you get older you are less useful No 
10. As I get older, things are better/worse than I thought they would be Better 
11.1 am as happy now as when I was younger Yes 
Loneliness 
12. How much do you feel lonely Not much 
13.1 see enough of my friends and relatives Yes 
14.1 sometimes feel that life isn't worth living No 
15. Life is hard for me much of the time No 
16. How satisfied are you with your life today? Satisfied 
17.1 have a lot to be sad about No 
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